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Introduction
Geographical dispersion, low socioeconomic
status, inappropriate health conditions, and natural
barriers cause numerous problems for the provision
of health services in rural areas of different coun-
tries, especially developing countries(1). Convenient
and appropriate access to primary health care has a
prominent role in enhancing the health status of the
rural population; therefore, the use of rural health
houses is one of the important approaches for
delivering health services(2). Birth control, screen-
ing, controlling communicable diseases, and
maternal and child health care are some examples
of the services delivered in rural health houses(3, 4).
However, inappropriate infrastructures and lim-
ited resources make it difficult to design and imple-
ment plans to enhance and improve health services in
rural areas(5). The Geospatial Information System is a
suitable tool for analyzing, managing and determin-
ing optimum access to health services(6). Nowadays,
the GIS is used in different studies to analyze the
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ABSTRACT
Background: The use of rural health houses is one of the important approaches for delivering health services but, inappro-
priate infrastructures and limited resources make it difficult to design and implement plans to enhance and improve health services in
rural areas. The aim of this study was to analyze the accessibility to rural health care services in the province of Khuzestan
Materials and methods: This applied research was conducted in Khuzestan Province, south-west Iran with a cross-sectional
approach in 2014. The population of the study was the villages and rural health houses. All the villages and rural health houses were
included in the study without sampling. Descriptive data collected with a checklist from the Statistical Centre of Iran, IT Department
of the Management Deputy of the Governor’s Office and Ahvaz Jundishapur and Dezful University of Medical Sciences and spatial
data obtained from the national Cartographic Center. The validity of the checklist was confirmed by 5 Public Health experts and 3
senior experts of the GIS system. Data analyzed with Arc GIS 9.3 software. 
Results: Khuzestan Province has 3461 villages with inhabitants. Based on the geographical distance to the nearest health
house, 358 villages (10.34%) with inhabitants were outside the service provision area with a distance of more than 6 In order to mea-
sure the total petroleum hydrocarbon available in the soil, first, 1 gr of the pot soil was taken and 10 ml dichloromethane solvent
added to it, then the mixture was stirred for 5 minutes, and the resulting mixture was centrifuged for 5 minutes at a speed of 3000
rpm. After being centrifuged, 1 ml of the centrifuged solution was transferred to vials that were weighed before, and the dichloro-
methane was permitted to evaporate in the air for 48 hours. Afterwards, the vials were weighed again, and the removal percentage of
the petroleum hydrocarbons was calculated based on the weight difference between the vials (21).km. Based on the population cove-
red by health houses, 11 villages with more than 1000 population had inappropriate access to health houses.
Conclusions: The results showed that geographical conditions and developmental infrastructures of the rural areas were some
major challenges of access to health houses in Khuzestan Province, which requires the cooperation of several governmental sectors.
Collection and storage of accurate, up-to-date, and complete information are very important steps in delivering primary healthcare
services and enhancing the rural population health. 
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accessibility and determine the optimum model of
accessibility to health services(7-9). The GIS analyzes
geographical features and phenomena on the earth
and presents optimal models for analyzing the
obtained decisions(10). The analytical capabilities of
the GIS provide a better interpretation of the distrib-
ution and management of the resources to deliver
health services(11).
Another use of the GIS is the calculation of
the indicators of geographical accessibility of the
population to health services in different areas
which provides the opportunity to meticulously
evaluate the distribution of health care facilities in
the society and its proportion to the population
under coverage(12). Equal geographical accessibility
to health care services in the rural areas is one of
the challenges of equity in health(13). Distance, pop-
ulation density, transportation routes, and rural
transportation services are among the determinants
of accessibility to health services in rural areas(14, 15).
Available tools in the GIS provide the opportunity
to analyze the distance and transportation routes to
determine geographical access(16). Since 1970s, dif-
ferent projects have been implemented in Iran to
ensure the appropriate access of the rural popula-
tion to primary health services including health
houses and since mid 1990s, the health houses
have been established according to the regulation
of the health promotion and development office of
deputy health network system, ministry of health
and medical education(17). The geographical loca-
tion of the health houses, population and number
of the villages under coverage, transportation
routes, and distance to the health center are among
these regulations. The aim of these regulations is to
ensure the accessibility of the rural population to
the services delivered in health houses(18).
Objective
Khuzestan is one of the provinces with a large
rural population(19). The eight-year Iran-Iraq war
and forced immigration of the people from the bor-
der villages, the growth of the petrochemical, oil,
and steel industries, motivations to migrate from
towns and villages to the cities, the occurrence of
several droughts, and the dust storm  are among the
factors that have changes the population texture of
the villages of Khuzestan. Therefore, considering
the population and climate changes in the province,
the aim of this study was to analyze the accessibili-
ty to rural health care services in the province of
Khuzestan.
Materials and methods
Study Location
The Province of Khuzestan, with an area of
64.075 km2, is located in the south west of Iran,
near the Persian Gulf. Khuzestan borders the
Province of Lorestan in the north, Isfahan Province
and Chaharmahal Bakhtiari Province in the north-
east and east, the Province of Ilam in the north-
west, Kohgiluyeh and Boyer-Ahmad Province in
the east and southeast, Bushehr Province and the
Persian Gulf in the south, and Iraq in the west.
Khuzestan is located from 47.42º-50.39º E and
29.58º-32-58º N. It has a population of 4,531,720
(according to the most recent census in 2011) with
1,083,341 household including 793,289 urban and
290,052 rural households. The Province of
Khuzestan has 24 counties (Fig. 1), 55 districts,
and 132 rural agglomerations. 
Study design
This applied research was conducted in
Khuzestan Province in 2014 in a cross-sectional
approach. The target population of the study was
the villages and rural health houses of Khuzestan
province in 2011. All the villages and rural health
houses were included in the study without sam-
pling.  
Data collection
Descriptive data including the name of the
village and county, longitude and latitude, popula-
tion, village type (main or satellite), having a rural
health house, population under the coverage of
health houses, type of transportation route, residen-
tial status of the village (permanent, seasonal,
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Figure 1: The study area. Khuzestsn province with the
counties.
deserted), type of topography (jungle, plain, moun-
tain), and infrastructures (water, electricity, gas,
telephone), and the presence of educational and
administrative units like The county seat, police
station, school, city council, bank, and other gov-
ernmental institutions. The data collection tool for
this part was a checklist that was designed accord-
ing to the objectives of the study and consultation
with the experts of the health network system and
the GIS system. The validity of the checklist was
confirmed by 5 public health experts with the
experience of working in the health networking
system and 3 senior experts of the GIS system. 
The basis of data collection was the 2011
national Census. The data of the village and county
name, longitude and latitude, type of transportation
route, residential status of the village (permanent,
seasonal), and infrastructures (water, electricity,
gas, telephone) were derived from the Statistical
Centre of Iran. The Statistical Centre of Iran did
not have the data of villages with fewer than five
households. Therefore, these data were collected
from the Statistics and IT Department of the
Management Deputy of the Governor’s Office. The
data related to the health network system including
the characteristics of the health houses, main and
satellite villages, and under coverage population of
the rural health houses and rural health centers
were obtained from the Deputy for Health of
Ahvaz Jundishapur and Dezful University of
Medical Sciences. 
Spatial data including topographic layers,
counties, villages, and rural roads of Khuzestan
Province (scale: 1:25000) were according to the
latest administrative divisions of the country.  The
data were obtained from the national Cartographic
Center, and Forrest, Range, and Watershed
Organization and the Governor ’s Office of
Khuzestan Province.
Geodatabase development
Descriptive data and topographic layers were
entered into the GIS software and a database was
created using the ArcGIS 9.3. The topographic lay-
ers were created to their application in the analysis
of the current situation of the dispersion of the
rural area and health houses. The layers included
villages, population, rural health houses, trans-
portation routes, distance to rural health centers,
residential status, and topography. Then, the cur-
rent situation of the geographic distribution of rural
area was analyzed using the descriptive and loca-
tion data available in the geodatabase. In this stage,
spatial distribution of the villages, transportation
routes, population distribution, topography of the
villages, and their residential status were deter-
mined in the GIS. In the next stage, the current sit-
uation of the rural health houses and their under
coverage population were determined and the dis-
tribution of the health houses in GIS, operational
radius of each health house, satellite villages of
each health house, and the population and number
of households covered by each health house were
identified. 
Assessment of access to rural health houses
The final stage was the identification of the
residents of the villages with convenient access to
health houses in each country separately. The crite-
ria for convenient access to health houses were
according to the regulations of the health promo-
tion and development office of deputy health net-
work system for the allocation of rural health hous-
es. The criteria are presented in Table 1.  
Inappropriate access of the residents of the
villages to health houses was analyzed through an
overlay of the layers of villages, population, rural
health houses, transportation routes, proximity to
rural health centers, residential status (permanent,
seasonal), topography, and the operational radius
of the health houses. The operational radius of
health houses was considered 6 km according to
the regulations of the health network system.
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Table 1: Regulations and criteria of the Health
Promotion and Development Office of Deputy Health
Network System for the establishment of health hou-
ses(18).
Finally, according to the regulations of the health
network system, the villages that had inhabitants
but lacked convenient and appropriate access were
identified.
Results
Based on the national census in 2011,
Khuzestan Province has 4547 villages. Izeh and
Hendijan had the largest and smallest number of
villages (539 and 40 villages, respectively). Andika
and Hendijan had the highest and lowest number of
villages according to their area, respectively.
Regarding the residential status, 3315 villages
(72.9%) had permanent residents, 146 villages
(3.2%) had seasonal residents, and 985 villages
(23.9%) were deserted.
The mean population of the villages was 282
(range: 9-12321 inhabitants). Villages with fewer
than 250 inhabitants had the highest frequency.
Moreover, the highest population density was
observed in Ahvaz. There was a total of 896 rural
health houses in Khuzestan Province. Izeh and
Ahvaz had the highest and Haftgol had the lowest
number of health houses (80 and 11 health houses,
respectively) (Table 2).
On average, each rural health house covered
1248 persons (range: 437-2060). Range between
the numbers of health houses to the number of vil-
lages in different counties varied between 2-12 vil-
lages for each health house (Figure 2). 
Furthermore, 2223 villages (48.9%) and 753
villages with health houses had access to asphalt
roadways (Table 3). Overlap of the layers and
determination of the operational radius of rural
health houses showed that there were 358 villages
with inhabitants outside the service provision area
of rural health houses with a distance of more than
6km to the nearest health house (Figure 3 and 4). 
Moreover, evaluation of the population of the
villages with residents that lacked health houses
showed that 11 villages with more than 1000 popu-
lation had inappropriate access to health houses
(Table 4). 
Discussion
Appropriate and convenient access of the
rural population to health services and homoge-
neous distribution of the services are among the
objectives of the Health Network System develop-
ment project in Iran(17, 18) and one of the key indices
of development(20). The results of the study showed
differences between the distribution of health ser-
vices and some indices of rural development. The
ratio of the distribution of health houses to the vil-
lages and the mean population under the coverage
are examples of these differences. Range between
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County Name Area(Sq. km)
Number of
villages
The number of
health houses Population
The average population
per health center County Name
Area
(Sq. km)
Number
of villages
The number of
health houses population
The average
population
per health
center
Abadan 2538 75 40 55744 1360 Ramhormoz 1818 177 38 41019 1079
Ahvaz 6835 313 80 162453 1593 Ramshir 1620 132 23 24273 1055
Bavi 1377 87 22 Gotvand 973 52 19 26003 1369
Andimeshk 3116 169 32 33603 1050 Shadegan 3598 183 60 95206 1587
Izeh 3789 539 80 86521 1082 Shush 3630 182 56 112813 2015
Omidiyeh 2330 71 22 27754 1261 Shushtar 2433 164 55 95206 1587
Bagh-e Malek 2251 313 55 70528 1282 Lali 1400 220 26 20847 802
Behbahan 2999 189 49 54121 1105 Andika 2369 500 40 41623 1041
Mahshahr 1908 49 12 19420 1765 Masjed Soleyman 2176 209 23 4652 437
Khorramshahr 2298 102 21 39099 1862 Hoveyzeh 2757 106 20 14635 732
Dezful 4646 530 59 121523 2060 Haftkel 1436 54 11 7054 641
Dasht-e Azadegan 1972 91 37 47671 1288 Hendijan 3780 40 16 9691 606
Table 2: Distribution of villages, home health and population in the Khuzestan province, according to County.
the number of health houses to the number of vil-
lages in different counties varied between 2-12 vil-
lages for each health house and the mean popula-
tion under the coverage was 437-2060. The differ-
ence may not have resulted from inequity in the
distribution of health services but could indicate
the difference in rural development. Different stud-
ies have shown differences in rural development
between different counties or different villages of a
county(21). A study by Ghasemi et al in the counties
of Zanjan Province showed differences in the num-
ber of health houses in different villages(22).
Moreover, the results of a study by Kiadaliri et al
showed significant differences in the distribution
of health services in different parts of Iran(23). 
Spatial distribution of rural areas is another
challenge in the distribution of health houses. The
distribution was more in Dezful, Andika, and Izeh
counties. Moreover, the distance between the rural
health house and the rural health center was more
than 60 km in some counties which hinders the
supervision of health centers upon health houses.  
Bagheri et al analyzed the geographical acces-
sibility of the rural areas of Otago to health ser-
vices from the nearest primary health care provider
according to the regulations of New Zealand
Ministry of Health and reported that accessibility
in outlying rural areas was not according to the
regulations(24). Spatial distribution of rural areas is
one of the main challenges of the governments for
delivering health care services(4).
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Figure 2: The spatial distribution of inhabited villages
in Khuzestan province.
Table 3: Status of rural roads in Khuzestan province by
type of roadway.
Figure 3: Spatial distribution of health centers services
in rural areas (Radius of 6 kilometers) in Khuzestan pro-
vince.
Figure 4: Spatial distribution of villages with inhabited,
outside the radius of rural health centers services (6 kilo-
meters).
Table 4: Villages with population, whit improper acces-
sibility to rural health home in each county.
Some studies have also shown that dispersion
of the rural areas hinders policy making for the dis-
tribution of health services(25). 
The presence of 1292 villages with less than
250 populations was another challenge for the dis-
tribution of rural health services. 
Bahrami evaluated the status of rural develop-
ment in Kurdistan Province and reported the large
number of villages with less than 300 population as
one of the main challenges(26). Izadi and Hayayee
performed a study to analyze the status of rural
health houses and rural health insurance from the
viewpoint of rural development and found that
geographical distance, rural and population disper-
sion were the major threats to delivering health ser-
vices in rural health houses. They also reported that
establishing a healthcare center in one village to
cover some neighboring villages regardless of the
distance, geographic factors, and transportation
route causes many problems in access to these cen-
ters and establishment of health houses or enhanc-
ing their equipment is not sometimes cost effective
due to the limited population of the villages(27). 
Rural roadways play a major role in the
development of rural areas or the access of the
rural population to health care services(28). About
40% of the inhabited villages lack asphalt road-
ways. A study by Mohammadi and Kiani showed a
direct relationship between rural roadways and the
rural development(29). The experience of some
developing countries also shows that developing
rural roadways enhances the access of the rural
population to health care services(30).  
One hundred and forty six villages in
Khuzestan Province had seasonal inhabitants.
These villages are empty of residents for half of
the year and lack communication and welfare
infrastructures, which hinder planning for the pro-
vision of health care services. Moreover, there
were 985 deserted villages in Khuzestan that had
health houses as main villages because they were
inhabited when the health houses were established;
their populations were calculated in the total popu-
lation for the allocation of health houses. Migration
of the rural population to the urban areas and the
resulting of deserted and abandoned villages are a
challenge for rural planning(31).
Determination of the services boundaries of
the rural health houses in Khuzestan Province
showed that 358 villages with permanent inhabi-
tants lacked convenient and appropriate access and
had a distance of more than 6km (1 hour walk) to
the nearest health house.
Munoz and Kallestal used GIS to evaluate the
geographical access of the rural areas of the west-
ern regions of Rwanda to primary health care ser-
vices using three scenarios (walking, walking and
bicycling, walking and public transportation). In
the first scenario that was walking for 1 hour, only
26.6% of the population had access to primary
health care centers(32). Gibson et al also used the
GIS system to evaluate the access of the rural
households to the nearest health care center in
Shaanxi, China. Their results showed that about
47% of the rural households were at a distance of
at least 5km from the nearest health care center.
They stated that the long distance increased the
costs of transportation and decreased the usage of
health facilities(28). Some other studies have also
reported a direct relationship between the distance
to the health facilities and the use of the services as
increasing the distance decreases the usage(1, 33, 34).
Conclusion
The results of the study showed that geo-
graphical conditions and developmental infrastruc-
tures of the rural areas were some major challenges
of access to health houses in Khuzestan Province,
which requires the cooperation of several govern-
mental sectors like the Ministry of Interior and the
Ministry of Roads and Urban Development with
the Ministry of Health to overcome.
Discrepancies in the data of the villages in
different organizations and institutions were one of
the limitations of this study; however, we rather
overcame this limitation through obtaining infor-
mation from formal resources like the Governor’s
Office. Collection and storage of accurate, up-to-
date, and complete information on the status of the
population, distribution of health houses, and their
accessibility are very important steps in delivering
primary healthcare services and enhancing the
rural population health. In this regard, the GIS sys-
tem is a very practical tool that can assist policy
makers in devising better plans.  
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